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LXXXL A Defcriftkn of Two Methods^ by 
which the Irregularity of the Motion of a 
Clocks arifmgjrom the Influence of Heat 
andColdupsn the Rod of the Pendulum^ may 
he prevented \ hy John Ellicott, F. R. S. 

Read Jtti«5 4> ^TpHE firft of thefc methods confifts in 
'752. J^^ a particular conftru6lion of the pen- 
€uium itfelf, which occurred to itoe fcveral years ago. 
In the beginning txf the year 1738, I put into the 
hands of Mr. Machin, tlien one of the fccretaries, a 
defcfiptiofi and a drawing of ibcJi a pendulum, in 
oiHier to their being laid before this honourable 
Society: but Mr. Machin, foon after, acquainting 
me, that a gentleman, <)f whdfe flcill and judgment 
in mechanicai contrivances I had always entertained 
«he higheft opinion, made fome ob^eQ:ion§, I was 
advifed to tlefcr communicating my invention to this 
Society, till I fhould have examined into the weight 
of thofe dbje6:ions, and, by a fair and impartial 
trial, fhouM be fully affured, that the contrivance 
would anfwef the end propofed. And having now 
at length obtained that fatisfaftion, I beg leave to 
give a fhort narrative of fome of the moft remarfca* 
ble obfervations I have made during this inquiry^ 
which I lK)pe will not prove unacceptable to this 
honourable Society. 

About the year 1732, an e^^periment, which I 
made, in order to fatisfy fome gentlemen, that the 
rod of a pendulum was liable to be confiderably in- 
fluenced l!^ moderate degrees of heat and cold;^ led 
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me to confider, that, as metals difFer ilom each 
<>ther in tHeir denfity, it was highly probable they 
might likewife differ from each other in their ex- 
panfion j and that this difference of the expanfions of 
two metals might be fo applied, as in a great mea- 
fare to remove thofe irregularities in the motion of 
a clock, which arife from the effed of heat gnd coid 
upon the length of a pendulum. With this view, 
not long afterwards I contrived the pendulum now 
defcribed by Fig. i. 

In which ab reprefents a bar of brafs, made quite 
faft at the upper part by pins^, and held contiguous, 
at feveral equal diftances, by the fcrews i, 2, 5, fifr, 
to the rod of the pendulum, which is a bar of iron j 
and fo far as the brafs bar reaches, is filed of the fame 
iize and fliape, and confequently does not appear in 
the figure; but a little below the end of the braf$ 
bar, the iron is leftJbroader, as atj^^, for the con- 
veniency of fixing the work to it, andi is made of a 
fufficient length to pafs quite thro' the ball of the 
pendulum to c. The holes, i^ 2, ^c. in the brafs, 
thro' which the (hanks of the fcrews pafs into the 
iron rod of the pendulum, are filed as in the draw- 
ing, of a length fufficient to fuffer the brafs to con- 
trad and dilate freely by heat and cold under the 
heads of the fcrews. e e^ e reprefents the ball of the 
pendulum: //J two ftrong pieces of fteel, or levers, 
whofe inner centres, or pivots, turn in two holes 
drilled in the broad part of the pendulum-rod, and 
their outer ones in a ftrong bridge, or cock, fcrew'd 
upon the fame part of the rod, but omitted in the 
draught ; becaufe, when put on, it covers this me- 
xianifm. g^t are two icrews entering at the edge, 
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and reachinginto the cavity near the centre of the ball. 
The ends of thefe ferews next the centre are turn'd 
into the form reprefented in the drawing, which, 
preffing with the weight of the ball againft the longer 
arms of the levers, caufe the fhorter arms to prefs 
againft the end of the brafs bar at 6. Things being 
in this fituation, let as fuppofe, that the rod of the 
pendulum, and the brafs annexed to it, grow longer 
by heat; and that the brafs lengthens more than 
the iron of the fame length : then the brafs^ by its 
excefs of dilatation, will prefs the fliort ends of the 
levers downwards at (J, and at the fame time necef- 
farily lift up the ball, which refts upon the long ends 
of the fame levers at//, to any proportion neceflary: 
And provided the ends of the ferews do prefs upon 
the levers at a proper diftance from the centres, the 
faid ball will be always kept at the point of fufpen- 
lion, notwithftanding any alteration the rod of the 
pendulum may be liable to from heat or cold. What 
this diftance ought to be, may very nearly be deter- 
mined, if the diiference of the expanfion between 
the brafs and iron bars is known; for the proportion 
the fhorter arms of the levers ought to bear to the 
longer ones will always be, as the excefs 6{ the ex- 
panfion of the brafs is to the whole expanfion of the 
iron, as may be thus eafily demonftrated. Fig. 2. 

Let the line a b^ drawn perpendicular to the line ef^ 
reprefent a bar of iron ; the line c d 2^ bar of brafs, 
the pricked line bg^ the expanfion of the braf$ 
bar by the fame degree of heat : let the line g i be 
drawn parallel to the line ef^ then will / h repre- 
fent the difference of the expanfion of the two 
metals: thro' the points h^g^ draw a right line 
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cutting the line ^/, ^in k'^ this line rtiay be fu|!r- 
pofed to reprefent one of the levers turning upon 
its centre at gy h the point where the brafs bar 
afts upon the fhorter end of the lever^ ^nd k the 
point where the fcrew a(9:s upon the longer end of 
the lever, which being the place where it inter- 
feds the line ejl it is evident the ball of the pendu- 
lum will be as much railed by the lever, as it wotild 
have been deprefled by the expanfion of the iron ; 
but the triangle ibg is fimilar to the triangle ifg^', 
and therefore, as 1 4 the exccfs of the expanfion 
of the brafs, is to 6gy the whole expanfion of the 
iron, fo will bg^ the fliorter arm of the lever, be 
to ^ i^, the longer arm of the lever. J^e. d. 

At Fig. I. is placed a ftrong double fpring, whofe 
ends prcffing againft the under edge of the ball, hin- 
der it from bending the brafs bar by its forcible 
adion thereon at the point 4 which, when the ball 
is of a confiderable weight, it might otherwife be 
very liable to do. 

The defcription here given is exa<5Hy agreeable to 
the original contrivance ; and the only alteration I 
have fince made in it, confifts in placing the fcrews 
gg within the ball of the pendulum, as reprefented 
in Fig. 4r 

But as the fuccefs of this contrivance depended 
intirely upon the fuppofition, that metals were ex-^ 
panded differently by the fame degree of heat, be- 
fore I attempted to put it in execution, I thought 
proper to inquire what experiments had already 
been made upon this fubjed:, when Mr. John Fames, 
a late very worthy member of this Society, put mto 
my hands Mr. Graham's account of his quickfilver 
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pendulum (as It is now commonly called) publiflied 
in the Phihfophkal TranfaBtGns^ N^ 392, which 
account I found to be introduced by the following 
paragraph: 
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^^ Whereas feveral, who liave been curious in 
meafuring of time, have taken notice, that the vi* 
brations of a pendulum are flower in fummer than 
in winter; and have very juftly fuppofed this al- 
teration has proceeded from a change of length in 
the pendulum itfelf^ by the influences of heat and 
cold upon iti in the different feafons of the year; 
with a view therefore of correfting, in fome de- 
gree, this defe<a of the pendulum, I made feve- 
ral trials^ about the year 171 f^ to difcover whe- 
*^ ther there was any confiderable difference of ex- 
*^ pan fion between brafs, fteel, iron, copper, lilver, 
" &€. when expofed to the fame degrees of heat, 
*^ as nearly as I could determine ; conceiving it would 
*^ not be very difficult, by making ufe of two forts 
*^ of metals differing confiderably in their degrees of 
*^ expanfion and contraction, to remedy, in great 
^^ meafure, the irregularities, to which common pen- 
*^ dulums are fubjed:. But although it is eafily dif- 
'' coverable, that all thefe metals fuffer a fenfiblc 
'f alteration of their dimenfion by heat and cold 1 
** yet I fouiid their differences in quantity, frbm one 
'* another, were fo fmall, as gave me no hopes of 
'' fucceeding this way, and made me leave off pro- 
*^ fecuting this affair any farther at that time/' 

The reading this paragraph proved at that time 
fufficient to make me lay afide all thoughts of fuc- 
ceeding in a contrivance founded upon principles, 
which a gentleman of fo great abilities, and known 
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accuracy in making experiments, had, after trial, 
judged to be infufficient. And it was not till about 
the latter end of the year 1734, that I again refumed 
them on the following occafion. A gentleman de- 
iirous to make fome experiments concerning the ex- 
panfion. of metals, employed mc to make him an iti- 
ftrument like one invented by Mr. Mufchenbroek for 
that purpofe, which he calls a pyrometer. Upon 
looking over Mr. Mufchenbroek's experiments, I not 
only found the difference between the expanfion of 
fome of the metals much greater than L expected, 
but, as I thovight (if they were to be depended upon) 
fufficient to anfwer my former purpofe. This led 
me to confider the ftrufture of the inftrument, which 
Mr, Mufchenbroek made ufe of in his trials, and 
upon examination, I thought it liable to fome objec- 
tions, which I imagined would make the refult 6f 
experiments made by his inftrument very uncertain. 
I therefore endeavoured to contrive one of a different 
conftruftion, that might be more to be depended 
upon. Such an inflrument I fome time afterwards 
completed, and had the pleafure to find it fo far 
met with the approbation of feveral very worthy 
members of this Society, that, at their particular de- 
lire, I drew up a defcription of it, which was read, and 
the inftrument itfelf fhewn to the Society on the 8 of 
April 1736 * : and though it was not in every re- 

fpedt 

♦ This appears from the minutes of the Royal Society ; tho* the 
defcription and manner of that inftrument was, by fome miftake, 
placed fix months later in the Philof, "Tranf, Vol. XXXIX. N, 443. 
for Oftober 1736. The other dates, mentioned in this paper, re- 
lating to that inftrument, arc likewife juftified by authentic voucIh 
ers, which have been produced by Mr. Ellicott. 
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fped fo accurate as I could wifli, I am fully per- 
fuaded, that fuch experiments, as are carefully made 
with it, may be depended upon, as very near the 
truth. Having made a great vai-iety of experiments 
with this inftrqment upon bars of diiferent metals, as 
nearly of the fame dimenfions as poflible, I found, 
upon a medium, their feveral expanlions by the fame 
degree of heat to be as follows : 

Gold Silver Brafs Copper Iron Steel Lead 

73 103 95 89 ^^ S<> H9 

And as I found fo great a difference between the ex- 
panfion of brafs and iron, I immediately determined 
to make a pendulum after the manner above de- 
fcribed, compofed of thofe two metals, and Ijkewife. 
order'd a clock to be made, with the utmoft care 
and exadtnefsi and, as I then apprehended, with 
fome confiderable improvements, with which I in- 
tended to make the experiments, Thefe were both 
finilhed in the beginning of the year 17385 and hav- 
ing no reafon to doubt of fuccefs, I fhew'd the pen- 
dulum to the late Mr. Machin, and gave him a draw- 
ing and defcription of it, in order to its being com- 
municated to the Royal Society; but, as I have al- 
ready obferved, objeftions were made to it, of which 
the only one, that appeared to have any weight, was, 
that it had been found by experiment, that two bars 
of different metals, fcrew'd together, fo as to be in 
conta<ft with each other, would not expand regularly 
and fmoothly, but by jerks. In order to examine 
into the force of this objedion, I dire<aed two bars of 
equal dimenfions to be made, one of brafs, the other 
of iron, of about twp feet in length, faflen'd together 
after the fame manner, as the two rods of the 
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pendulum, which I intended to pkce fo, that, by 
ading very near the centre of an index of a confider- 
able length, even the fmalleft alteration in the bars 
would be made fenfible, and by the motion of the 
index I ihould be able to form a judgment, whether 
the rods moved fegularly and freely, or not : but be- 
fore this was put into execution, I contrived, by 
fattening the two bars to the back plate of a clock, 
not only to make them anfwer the end above pro- 
posed, but, at; the fame time, to lengthen or jfliorten 
a pendulum of a cpmmon conftrudion, in fuch a 
manner, as fufficiently to corred the irregularities 
ariilng* from the influence of cold or heat upon it. 
The iilanner of applying them is defcribed by Fig. 3. 

In which, a a a a reprefents the back plate of the 
clock, &&i^ a triangular piece of brafs, fcrew'd by 
two fere ws, thro' the flits r^, to the plate, yet fo 
that it may be drawn backwards or forwards by 
means of the fcrew at ^» ^y is a brafs bar, about 
two feet m; length, made fail ^.t the bottom, by a 
fcrew and two pins at ^, to an irpn one of equal di- 
menfions, to which it is likewife fcrew'd by the 
f crews I, 2, 3, ^c. after the fame manner as the 
rod of the pendulum already defcribed. The iron 
bar is fafl:ened at the upper end to the triangular 
piece of brafs, nearly under that part of the braft bar 
marked e. g h is 3, fl:rong brafs or iron lever, move- 
able upon a centre at^, and is fupported by the up- 
per 6nd of the brafs bar ; // is the cock, on which, 
in a common clocks the pendulum is hung 1 k ky. 
part of the rod of the pendulum, whofe fpring pair- 
ing thto' a fine flit in the cock i f\ is faften'd to a 
ftud riveted into the lever at /. The flit in the cock 
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muft be made fo clofe, as to prevent the fpring from 
having any lateral motion in it. 

From this defcription it is evident, that, if the 
brafs bar expands more than the iron one, it will 
raife up the lever, and, confequently, the pendulum, 
which is faften'd to it 5 and, as the length of the pen- 
dulum is only from the centre of ofcillation to the 
under part of the flit, thro' which the fpring pafles, 
the pendulum will be thereby fhortened^ and, by 
making the point of the brafs bar to ad upon a pro- 
per part of the lever (to which it is capable of being 
adjufted by means of the fcrew d) the pendulum may 
be Shortened to whatever degree fhall be neceffary. 

To prevent the pendulum from bending the bars, 
which it would be liable to do, if the ball of the pen- 
dulum was of any confiderable weight, the end of 
the lever, fartheft from its centre of motion, is 
hook'd to the end of a chain, which is wound about 
and faftened to a fmall pulley at m. Upon the fame 
arbor, to which this pulley is fixed, is faftened an- 
other pulley, of a much larger diameter, to which is 
hung, by a filk line, the weight or counterpoife >?. 
By means of this counter poife, any part of the weight 
or the pendulum, that fhall bedeiired, may be. taken 
off from prefling againft the brafs bar. And if, upon 
the end of the arbor, to which the piillies are fixed, 
a^n index be placed, fo as to point to a graduated cir- 
cle, the leaft motion of the lever will not only be 
eafily perceived, but alfo whether that motion is uni- 
form and regular, or not. And upon having, fome 
time after, made a clock with this contrivance added 
to it, I had the pleafure to find the index not only 
to move very fenlibly, but very regularly, and never, 
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that I could perceive, by jerks. And I doubt not> 
but, when the point of bearing of the brafs bar upon 
the lever is once well adjufted, it will be found to 
lengthen or fhorten the pendulum to as great a degree 
of exadnefs, as any other method whatfoever. But, 
as I have not as yet thought of any other method of 
adjufting it, except from ad:ual trial in different fea- 
fons of the year, I muft prefer the pendulum to this 
method, which, from the great eafe, as well as ex- 
aitnefs, with which it is capable of being adjufted, 
will, I think, appear to have much the advantage 
over any other contrivance yet made ufe of for this 
purpofe. 

The method I take for adjufting the longer arms 
of the levers of the pendulum to the fhorter ones is 
defcribed in Fig. 4. To a ftrong poft, fixed to the 
wall, is faftened a fmall fhelf, fupported by two 
brackets ^ ^. In the middle of this ftielf is faftened 
a wire, by the fcrew i \ to the end of which the pen* 
dulum is to be hung. Below this ftielf, at the di- 
ftance of about 40 inches, is placed the index c dy 
turning freely upon a center : The length of the in- 
dex is fO inches. At the diftance of half an inch, 
upon a part of the index produced beyond the centre, 
is placed a fteel pinj and in the back of the pendu- 
lum, as near the centre of ofcillation as may be, is 
drilled an hole to receive this pin j when the pen- 
dulum IS hung upon the wire againft the poft, and 
the wire is fcrew'd higher or lower by the fcrew (?, 
till the pin refting againft the upper part of the hole 
(which is filed into a proper fliape for that purpofe) 
keeps the index nearly in an horizontal pofition. Be- 
low the bottom of the pendulum is placed a fecond 
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index fg^ exaftly like the former, except that it is 
kept in an horizontal pofition, by the fcrew k bearing 
•againft the end of the iron rod. When the experiment 
is to be made, the pendulum is firft put into a box% 
and gradually heated by a large fire, to a conliderablo 
degree, being often turned, that every part may be 
equally expofed to the fire. And having continued 
(liut up in the box for fome time after it is removed 
from the fire, that the two rods may be heated as 
uniformly to the fame degree as poffible, the peudu- 
ium is hung upon the wire, and the two indexc* 
made to ftand nearly in an horizontal pofition* The 
two graduated plates /&/ are then Aid upon a wire, 
till the divifions in each mark'd are pointed to by 
the indexes. As the pendulum cools, the lower in- 
dex will be feen gradually to dcfcend ; but if the 
ends of the two fcrews, in the ball of the pendulum, 
a€t upon proper parts^of the levers, the upper index will 
continue in the fame place. If the ends of the fcrews 
are either too far off, or too near the centres of the 
levers, the index will either rife or defcend -, and, by 
comparing the number of divifions it has varied, witli 
thofe which the lower index has varied, a near efti- 
mate may be made, how much the fcrews require 
to be alter 'd 5 and, in a very few trials, they may 
eafily be adjufted to a very great exadnefs. In 
order to make an adlual trial, how far this contri- 
vance of the pendulum will anfwer the end propofed, 
it is necefifary, that the clock, to which the pendulum 
is fitted, be made with great exaftnefs, and intirely 
to be depended on: For otherwife the exp^iments 
will be very uncertain, as I found in the clock I firft 
pade ufe %t 
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I have already obferved, that, in order to render 
this clock as perfed as poffible, I made it. In feve- 
ral refpeds^ different from the common ones, in hopes^ 
of removing fome imperfeftions I apprehended they 
were liable to. But as, in this attempt, I fell into'^an?; 
error, which it was a confiderable time before I dif- 
cover'd, my making the trial was thereby greatly re- 
tarded. And in order to prevent others from falling: 
into the like miftake, I Ihall beg leave to give fome 
fhort account of it. 

In a common clock the pendulum is ufually hung 
by a fpring to a cock on the back plate of the clock^.. 
whilil the wheel and pallets, by which the pendu- 
lum is kept in motion^ are placed in the middle 
of the frames and the pendulum is moved by 2t 
piece of fteel (call'd the crutch) riveted to one end 
of the arbor, to^ which the pallets are fattened. 
This difpofition of the pieces I apprehended liable' 
to fome confiderable objefliions : To remedy which^. 
I Contrived to fix the pallets to the upper part of 
the pendulum itfelf, above the centre of motion j, 
and, in order to make the pendulum vibrate as^ 
freely as poffible, it was made to turn upon two 
fteel points, and was hung in the middle of the 
frame, exa^y under the fwing-wheel, and fp as to 
vibrate in the fame plane with it. By this means I 
was in hopeSj that it would have moved with much 
greater fteedom and regularity, than when hung after 
the common method ; and, upon trials it was found 
to move with fo great freedom, that a pendulum of 
above 20 pounds weight, when hung in its place 
without the clockwork, and made to vibrate thrq- 
an acch of two degrees, was found to jfnake above 
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1 2 00 vibrations, before it had loft half a degree, and 
was obferved to have a fenfible motion above 20 
hours afterwards > and the clock, when firft put to- 
gether, was kept going, for feveral days, by a weight 
of only eleven ounces, hung to the end of a iinglc 
line. But it was not long, before I diicover'd, that 
this great freedom made it liable to be confiderablj 
affected by the leaft motion* 

A remarbable inftance of this I communicated to 
this Society, which was publifhed in the Phikjopbl-- 
cal TranJaBionSy N®4fj. But the greatcft objec- 
tion to this method was, the points beijig iubjed: to 
wear ; and I found, that the leaft alteration, m thera 
would occafioB the clock to vary much more, than 
(without having made the trial) I could Imve ima- 
gined. To remedy this inconvenience, I made tlio 
pendulum to move upon edges, like thofe, on which 
the beam of a pair of fcales turns (a. method I ha^i 
good reafon to believe had been made ufeof with 
fuccefs) I but I found thefe likewife liable to wear, 
tho* not in fo fliort a time as the points j fo thatj aftei: 
much time fpent in making fcveral experiments^ in 
order to remedy this inconvenience, I found myfeljf 
obliged to lay this method wholly afide, and to nang 
the pendulum upon a fpring, as ufual. 

In making this alteration, I obferved one circum* 
ftance, which I think defcrves to be taken notice of, 
Before I made any alteration in the work, I took par^ 
ticular notice to what height the pendulum required 
to be raifed, before the pallets would efcape from the 
wheel. I next obferved the number of degrees of 
each vibration of the pendulum., when mov'd by the 
clockwork j and then, the clockwork being remov'd, 
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the pendulum was made to defcribe an arch of two 
degrees ; and particular notice was likewife taken, in 
what fpace of time it had loft half a degree each vi- 
bration. Having then made the neccffary alterations 
for hanging the pendulum by a fpring, and particular 
cafe being taken that the pallets fhould fcape off 
from the wheel exadtly at the fame angle as before, 
the pendulum being hung by its fpring, and made 
to vibrate thro' an arch of two degrees, it was ob- 
ferved to lofe half a degree in about half the time it 
did when turning upon edges. But, upon being 
fet a-gping by the clock-work, the pendulum was 
found to defcribe an arch of near two degrees more 
than before : For, when it turned upon the edges, it 
defcribed an arch of only three degrees j whereas, 
now it was hung by the fpring, it vibrated near five 
degrees; which was very different from what I ex* 
pefted. 

This alteration being made, I foon found, that the 
clock went very regular j and, after a fufEcient trial, 
was fully fatisfied the pendulum would anfwer my 
expeftations.. But, fearing left I might be thought 
prejudiced in favour of my own invention, I engaged 
the Rev. Mr^ Profeffor Blife to make trial of it; and. 
accordingly, in the beginning of the year 1750, I 
fent to him, at Oxford,- a clock for that^urpofe j 
and, in January laft, I received from him a letter^ 
giving his opinion of it, of which the following (fa 
far as relates to the clock) is an e^tad copy. 

<' S I R, 
** I have now had diorough trial of the clock 1 
•^ and ara perfedly fatisfied, that your pendulum 
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** takes off the efFed of heat and cold as well as 
^^ either tlje gridiron -pendulum (as it is com- 
*^ monly called) or the quickfilver pendulum ^ and 
*^ this upon flifEcient trial for near two years. It has 
•* this advantage of both the fore-mention'd ones, 
** that it may, by lengthening or fhortfening the 
*' levers, be eafily adjiifted to the exatS proportion 
^^ of the difference of the iron and brafi, which nei- 
^^ ther of thofe kinds is capable of^ withoirt very 
^* great trouble and difficulty. I was indeed preju- 
^^ diced againfl the method of doing it by levers, as 
^^ I had heard the late. Mr. Graham fay, that he had 
*^ tried levers in different ways, that he found they 
^^ did not work regularly and freely, but by jerks. 
^VHowever, in your method, I am fatisfied, by the 
^^ fuUeft experience, that they fucceed as well as 
^* either of the other forts, or perhaps any other kind, 
^* that may bje invented hereafter." 

Before I conclude this paper, I fhall beg leave 
to acquaint this honourable Society, that, in the 
year 1748, I made a inodel of a contrivance to be 
added to a pocket- watch,, fpundied t^on the fame 
principles, and intended to anfwer the like pur- 
pofe, as the pendulum above deicribed. And, afc 
a meetingof a council of this Society, on February 
15 lafl, I produced a watch (which I had made for 
a gentleman) with this contrivance added to it, and 
Hkewife the model, by which was Ihewn to the 

fentlemen then prefent what effea a fmall degree of 
^eat would have upon it. But, as I have not yet 
had fufiicient trial of this watch, I ihall defer giving 
a. particular defcription of this contrivance, till I ant 
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&lly'fatisfied to what degree of exa<3:nefs it can 1>c 
made to anfwer the end propofed, I am^ 

Gentlemen, 
Jure 4, 1752^ 

Your mcft obedient 

Jjumhle fervant, 

J. Ellicott^ 

LXXXIL A Defcription of a new Tackfe or 
Combination ojFulUes^ by Mr. J, Smeaton^ 

Read June i i^fTT^ H E axifi ^^ peritrocUo^ and the com-? 

»7S2. Jl^^ pound pulley, are the only mecha-j 
nic powers, which can with convenience be applied 
to the moving large weights, when the height, to 
which they are intended to be raifed, is confiderable. 
The excellence of the former is, their working with 
little fridion ; that of the latter, in their being eafy 
to be moved from place to place, and applied ex^ 
tempdrCy as occafion requires. 

The prefent methods of arranging pullies in their 
blocks may be reduced to twa The nrA conjQfts in 
placing ^em one by the fide of another upon the 
iame pin ; the other in placing them diredly under 
one another, upon fep^ate pins^ But in each of thefe 
methods an inconvenience arifes, if above g pullies 
^re framed in one block. For, according -to the firft 
method, if above 3 pullies are placed by the fide of 
ime another, as the lafl: line, by which tlie draught 

is 



